Abstract: This case involves a 70-year-old woman who presented after a low-speed motor vehicle collision with a traumatic right hemidiaphragm rupture and herniation of the liver into the right chest. She was brought to the operating room for a robotic-assisted minimally invasive transthoracic repair of this hernia with diaphragm plication. The case and video described in this report highlight the utility of the robotic platform in performing a transthoracic diaphragm repair and plication after a right-sided traumatic diaphragm rupture in a patient without concomitant abdominal injuries.
T he incidence of diaphragmatic injury after blunt thoracoabdominal trauma ranges from 1% to 7% and most frequently occurs after a motor vehicle collision or fall from a significant height. 1, 2 Left-sided injuries are more common than right with a 50% to 66% predominance. 1, 3 When identified, surgical dictum is to repair all traumatic injuries to prevent future complications such as herniation of the abdominal viscera and possible incarceration or strangulation. 1, 2 This report describes a transthoracic robotic approach that includes reduction of an intrathoracic liver and repair of diaphragmatic injury secondary to blunt trauma. These techniques may be applicable to many diaphragm repairs, including blunt and penetrating trauma, or for congenital hernias in which an abdominal approach is less advantageous.
CASE REPORT
A 70-year-old restrained woman presented to the emergency department after blunt trauma from a low-speed, head-on motor vehicle collision. The patient had a normal body habitus with a height of 162 centimeters and weight of 63 kilograms (body mass index = 24). She complained of severe rightsided chest pain, but was hemodynamically stable, and had an unremarkable initial trauma survey. On secondary survey, extensive ecchymosis was noted over her right anterolateral thorax with severe pain to palpation. Focused assessment and sonography for trauma ultrasound was negative, and anteroposterior chest x-ray did not identify a pneumothorax, although blunting of the right costophrenic angle and an elevated hemidiaphragm was noted. A follow-up comprehensive computed tomography scan of the neck, chest, abdomen, and pelvis identified an occult small apical right pneumothorax, minor fractures of ribs 4 and 5 on the right, and a right diaphragmatic defect with herniation of the liver dome into the right pleural space. A right thoracostomy tube was placed, and no air leak was noted. Emergent surgical intervention was deferred because there were no signs of abdominal injury, herniation of other organs into the right hemithorax, severe lobar atelectasis, or symptoms of severe respiratory compromise. During her hospitalization, the patient remained clinically stable without signs of occult injury on repeat imaging, the patient was discharged home on hospital day 6, and surgery was deferred to an elective basis.
Two months after her original trauma, she was taken to the operating room for her definitive repair using a minimally invasive robotic transthoracic approach. She tolerated her procedure well, and her postoperative course was without complications. She was discharged on postoperative day 2, after which she had an uneventful recovery.
SURGICAL TECHNIQUE
The patient was positioned in the left lateral decubitus position, and a four-incision robotic-assisted approach was employed. A 12-mm incision for the robotic camera was the first incision made in the eighth intercostal space in a line congruent with one fingerbreadth anterior to the tip of the scapula. Next, two 8-mm incisions were made, one in the sixth intercostal space in the anterior axillary line and the other in the ninth intercostal space three fingerbreadths lateral to the spinous process. A final 3-cm utility incision was made in the eleventh intercostal space also 3 fingerbreadths lateral to the spinous process through which a self-retracting wound protector was placed so that it could be shared with the robotic arm and the bedside assistant (schematic figure embedded in Video, Supplemental Digital Content, http://links.lww.com/INNOV/A162). The robot was docked posterior to the patient who was in the left lateral decubitus position. Instead of being positioned in a perpendicular fashion behind the patient, the docking angle was approximately 30 degrees from the Video clip is available online. A video clip is available for this article. Direct URL citations appear in the printed text and are provided in the HTML and PDF versions of this article on the journal's Web site (www.innovjournal.com).
feet (see schematic diagram in the Video, Supplemental Digital Content, http://links.lww.com/INNOV/A162). Identification of the right diaphragmatic defect, herniated liver, and the phrenic nerve was accomplished under direct vision. The liver was placed back into the abdominal cavity with the assistance of a sponge stick, and pledgeted 0-Ethibond horizontal mattress sutures were placed to close the hernia defect primarily. Redundant diaphragm was plicated with additional pledgeted sutures within the tendinous portion of the diaphragm. The hernia repair was reinforced with a running pledgeted 0-Ethibond suture to plicate an additional layer of diaphragm over the first row of repair sutures. At completion, the repair was noted to be intact and without tension (see Video, Supplemental Digital Content, http://links.lww.com/INNOV/A162). The patient had an uneventful postoperative recovery with normal-appearing position of her right hemidiaphragm on follow-up imaging.
DISCUSSION
Surgical repair of diaphragmatic hernias was first described via an open abdominal technique before the advent of laparoscopic and thorascopic surgery. 1, 4, 5 Although minimally invasive repair has gained traction, the incidence of conversion to an open procedure is as high as 31%, because of technical difficulties including visualization and challenges with intracorporeal suturing. 1, 2, 5 The use of a robot-assisted minimally invasive platform allows for optimized three-dimensional visualization and added suturing dexterity due to the technical superiority of instruments with multiple degrees of freedom.
The safe and effective correction of congenital diaphragmatic abnormalities using a robotic approach has been previously described 6 ; however, repair of a traumatic diaphragmatic hernia, particularly on the right side, has not been reported. A robotic transabdominal approach was not employed for the patient described in this report because of the fact that the imaging performed after her trauma and before her operation suggested the herniation of the dome of the right liver only. This presentation lended itself to an easier repair via a transthoracic approach because a transabdominal approach to repairing the right hemidiaphragm would be challenging because of the liver precluding adequate exposure posteriorly. Nevertheless, a transabdominal approach may be an attractive approach for other clinical circumstances where a diaphragmatic hernia is present, such as with a left hemidiaphragm defect with herniated intraperitoneal organs. Furthermore, the performance of the repair remotely from the time of the original blunt trauma also allowed for the passage of time to declare that an acute and concomitant abdominal process had not developed.
Given type and mechanism of injury, it is possible that the blunt force experienced by our patient caused a pulmonary contusion or liver injury; however, there were no significant radiographic signs of these injuries. Before and during the operation, as for any minimally invasive thoracic approach, we were prepared to convert to a thoracotomy, thoracoabdominal approach, or laparotomy in the event of hemodynamic instability or identification of occult injury to the retroperitoneal or intraperitoneal structures.
In the case presented, the robotic transthoracic approach proved to be a useful platform by which a traumatic right-sided diaphragmatic rupture can be repaired primarily. Robotic repair, which mirrors the technical advantages of open surgery, allows for tension free reapproximation and plication of redundant diaphragm and is a reproducible and teachable operation.
